Background. Posterior cruciate ligament (PCL) injuries are not rare in acute knee injuries, and several recent anatomical studies of the PCL and reconstructive surgical techniques have generated improved patient results. Now, we have evaluated PCL reconstructions performed by either the single-bundle or double-bundle technique in a patient group followed up retrospectively for more than 10 years. Methods. PCL reconstructions were conducted using the single-bundle (27 cases) or double-bundle (13 cases) method from 1999 to 2002. The mean age at surgery was 34 years in the single-bundle group and 32 years in the doublebundle group. The mean follow-up period was 12.5 years. Patients were evaluated by Lysholm scoring, the gravity sag view, and knee arthrometry. Results. The Lysholm score after surgery was 89.1 ± 5.6 points for the single-bundle group and 91.9 ± 4.5 points for the double-bundle group. There was no significant difference between the methods in the side-to-side differences by gravity sag view or knee arthrometer evaluation, although several cases in both groups showed a side-to-side difference exceeding 5 mm by the latter evaluation method. Conclusions. We found no significant difference between single-and double-bundle PCL reconstructions during more than 10 years of follow-up.
Introduction
Posterior cruciate ligament (PCL) injuries are not rare in acute knee injuries; however, the treatment choice between conservative and surgical for PCL injury remains controversial. Recent advances in knowledge about PCL anatomy and biomechanical function [1] [2] [3] [4] [5] have increased research into surgical procedures of PCL reconstruction such as single-bundle [6] [7] [8] [9] , remnant-preserved [10] , double-bundle [11] , and tibial in-lay [12] techniques, with improved clinical results for patients; however, few studies have directly compared results between single-and double-bundle PCL reconstructions. We therefore undertook a clinical study of these two surgical techniques conducted at our institution with retrospective follow-up of more than 10 years. We hypothesized that double-bundle PCL reconstruction yielded better overall results than the single-bundle procedure.
Our principal aim was to evaluate the long-term results of PCL reconstruction following arthroscopic four-strand, single-bundle or 2×2-strand, double-bundle PCL reconstruction using hamstring tendons, based on clinical assessment. We report both objective and subjective outcomes and concentrate on high-grade PCL injuries that were refractory to an initial period of functional treatment.
Materials and Methods
The ethics committee of the Hiroshima University approved all protocols for this study, which was a retrospective observational analysis of a series of patients who underwent primary PCL reconstruction for grade III and associated surgeries. This was a single center study and all operations were performed or supervised by two surgeons using the same postoperative rehabilitation.
The Scientific World Journal
The indications for surgical reconstruction of PCL were magnetic resonance imaging (MRI) evidence of PCL rupture, symptoms of instability with normal daily activities, the inability to play sports, and symptoms being refractory to a period of nonoperative treatment. We performed 40 PCL reconstructions by either the single-or double-bundle method from 1999 to 2002. There were 27 single-bundle cases (18 males, 9 females) and 13 double-bundle cases (11 males, 2 females). The mean age at surgery was 34 years (range: 21-54 years) in the single-bundle group and 32 years (range: 23-52 years) in the double-bundle group. By gravity sag view, the side-to-side differences before surgery were 7-14 mm in single-bundle cases and 8-14.5 mm for the double-bundle reconstructions.
We also performed combined ligament reconstructions during the PCL reconstructions, involving 1 ACL reconstruction, 4 MCL reconstructions, and 4 PLC reconstructions in the single-bundle cases, and 1 ACL reconstruction, 2 MCL reconstructions, and 3 PLC reconstructions in the doublebundle cases. Finally, we examined 18 single-bundle cases involving 2 MCL reconstructions and 2 PLC reconstructions and 10 double bundle cases involving 1 MCL reconstruction and 2 PLC reconstructions. The follow-up ratio was 66.6% and 76.9% for single-bundle and double-bundle procedures, respectively. All cases were followed up for 2 years after surgery; however, at the final follow-up, 8 patients were not contactable and the other 4 patients had relocated such that they no longer attended our hospital for clinical evaluations. The mean follow-up period of the examined patients was 12.5 years (10-14 years). All patients were evaluated using the Lysholm score, the gravity sag view measured at 90 degrees of knee flexion to assess side-to-side differences, and knee arthrometry (KneeLax III, MR Systems, Haarlem, Netherlands) at 70 degrees of knee flexion.
Surgical Procedure.
For the PCL reconstructions, we used double-vision arthroscopy ( Figure 1 ). The surgical technique consisted of routine examination under anesthesia and arthroscopy using standard anterolateral and anteromedial portals to confirm the diagnosis and any other concomitant injuries. We create a posteromedial portal, using the original posteromedial portal guide system [13] , to remove the torn PCL and to define the tibial PCL footprints. We then obtained more than 24 cm of hamstring tendon (gracilis tendon and semitendinosus tendon) through a vertical incision on the proximal medial tibia, to use as free grafts. Using a PCL drilling guide (Smith & Nephew, Andover, MA, USA), the tibial tunnel was made over an aiming guide pin, which was positioned on the tibial PCL footprint during the posterior tibia viewing using 30 ∘ arthroscopy through the posteromedial portal, with the drill sleeve positioned on the anteromedial aspect of the proximal tibia. Then the tibial bone tunnel was created at PCL footprint. At both single and double bundle techniques only one bone tunnel were made at the tibia. The tibial bone tunnels were drilled 0.5 mm over than the graft diameter of the tibial site. The graft diameters were measured using the sizing tubes every 0.5 mm. The tunnel edges were chamfered with rasps and a shaver. For the single-bundle procedure, the femur tunnel was made in the intercondylar space 5 mm posterior to the articular margin and 5 mm distal from the Blumensaat line, which is closed to the anterolateral bundle insertion area. For the double-bundle procedure, the femur tunnel was made at the original attachments of anterolateral and posteromedial bundles.
We used hamstring tendons as grafts to reconstruct the PCL in all cases. A minimum graft length of 8 cm is necessary to ensure a complete reconstruction. For the singlebundle method, we made four bundle substitutions using semitendinosus and gracilis tendons in the single bundle on the femur side, resulting in a graft diameter >8.5 mm (Figure 2(a) ). For the double-bundle method, we made two × two bundle substitutes using the hamstring tendons, with one of the graft diameters >6 mm (Figure 2(b) ). The substitutes were fixed with double staples at the front of the tibia.
Postoperative Rehabilitation.
The postoperative rehabilitation program was the same for both surgical procedures. Until 2 weeks after the surgery, the knee was fixed with a knee brace, after which a PCL brace was applied. At 6 months after surgery, the PCL brace was removed and the patients were allowed to commence jogging at 6 months, with sporting activities introduced at 10-12 months.
Statistical Analysis.
These study data were analyzed by two-way ANOVA, with a P value less than 0.05 considered significant.
Results

Lysholm Scores.
The mean score for single-bundle reconstructions was 89 points at 2 years after surgery and 82 points at 10 years after surgery, and for the double-bundle reconstructions it was 92 points at 2 years after surgery and 83 points at 10 years after surgery. Both scores were slightly decreased due to knee pain.
There were no significant differences between the two reconstruction methods at either 2 or 10 years after surgery (Figure 3) . Of the 18 single-bundle cases and 10 doublebundle cases, 7 and 6 patients, respectively, felt occasional knee pain. On X-ray, all cases across both groups showed advanced osteoarthritis changes compared to the opposite knee.
Gravity Sag View.
The gravity sag view revealed side-toside differences of 1.8 mm (mean value) in the single-bundle group at 2 years, while after 10 years it had increased to 2.5 mm. The mean differences in the double-bundle group were 2.0 mm at 2 years and 2.6 mm at 10 years after surgerythis also represented an increase with longer follow-up (Figure 4) , although the differences between surgical procedures were not significant.
Knee Arthrometry.
The knee arthrometer testing found mean side-to-side differences in the single-bundle and double-bundle groups of 3.8 mm and 3.6 mm at 2 years and 4.5 mm and 4.3 mm at 10 years, respectively, after surgery. Both groups thus showed an increased difference with term of follow-up ( Figure 5 ) and included several cases showing a side-to-side difference exceeding 5 mm (4 single-bundle cases (22.2%) and 3 double-bundle cases (30%)). None of these differences were significant.
Discussion
Treatment of PCL injuries remains a challenging clinical problem. Recently, double-bundle PCL reconstructions were reported to anatomically and functionally mimic the normal PCL, whereby anterolateral and posterolateral bundles may act separately to provide partial functional responsibility for joint stability [5] .
In this paper we showed no clinically different results of significance between single-and double-bundle PCL reconstructions procedures, even at more than 10 years after surgery. This result did not support our original hypothesis that the double-bundle PCL reconstruction conferred more advantages than the single-bundle technique, an opinion also 4
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Our evaluation of the two procedures by Lysholm score, as a clinical and objective measure, and of the posterior instability by sag view and knee arthrometry demonstrated no significant differences between the groups and confirmed some cases with remaining instability. The results also confirm that PCL procedures by the two techniques studied here compare favorably with ACL reconstruction procedures, which achieve approximately 90% satisfactory clinical results [14] .
The study results did highlight two problems with these types of PCL reconstructions. One is the femoral fixation site. The cortex of the proximal medial femoral condyle, at which the Endobutton is usually fixed, is anatomically thin and mechanically weak when the direction of the femoral tunnel is created towards the distal end of the femur to avoid the killer turn. The second is the killer turn problem. In the PCL reconstruction using the bone tunnel technique, the killer turns of the graft at the openings of the tibial and femoral bone tunnels are highlighted. Because the killer turns of the graft increase the mechanical stress to the exit of the bone tunnels or graft, they could cause tunnel enlargement or graft failure. One solution for this tibial problem is using the inlay technique to fix the tibial site, if the bone-patella tendon-bone is used for the graft [15] . These papers recommended early or aggressive rehabilitation after ligament reconstruction surgeries. However, another solution is slow rehabilitation, which we recommend based on the current study, such that PCL reconstruction patients avoid early obtainment of the flexion angle inducing posterior instability of the knee joint. Overall, we showed good clinical results in over 70% of patients and thus speculate that both of the clinical problems noted here arose during the rehabilitation programs. We propose that the flexion angle at 6 months after reconstruction should be around 110 ∘ in the case of relatively young patients as long as the substitute is a hamstring tendon rather than the bonepatella tendon-bone.
There were several limitations in this study. One is the retrospective nature of the evaluations. When we performed the relevant procedures, there were no clear indications for selecting between single-and double-bundle PCL reconstructions. Therefore, we examined cases for which the surgical procedures would bring the better clinical results. The second is the relatively low number of cases enrolled and the low follow-up rate. Finally, these cases included some combined ligament injuries, and it would be preferable to study prospectively isolated PCL injuries to determine the optimal treatment.
In conclusion, the PCL reconstructions evaluated herein achieved relatively good clinical results based on posterior stability, range of motion, and Lysholm scoring. However, we must solve several problems with these surgical procedures and the follow-up to obtain more satisfactory clinical and long-term results in the future.
